Early changes in cytosolic calcium and membrane potential induced by Actinobacillus actinomycetemcomitans leukotoxin in susceptible and resistant target cells.
Actinobacillus actinomycetemcomitans produces a cytolytic peptide leukotoxin which kills susceptible target cells, including human neutrophils, monocytes, lymphocytes, and HL-60 promyelocytic leukemia cells. Cell death occurs as a consequence of colloid osmotic lysis. In the present investigation early leukotoxin-induced changes in membrane permeability were studied by flow cytometry and quantitative spectrofluorimetry in leukotoxin-susceptible and resistant targets. Within 5 s toxin-susceptible cells exhibited concentration-dependent, sustained increases in systolic free Ca2+, and this was rapidly followed by a progressive fall in membrane potential. These early manifestations of membrane injury occurred approximately 10-15 min before cell death, as reflected by flow cytometric analysis of propidium iodide stained cells. The rise in cytosolic Ca2+ was almost entirely due to an influx of extracellular Ca2+. The results of Hill plots for the action of leukotoxin on Ca2+ permeability in human neutrophils or HL-60 cells suggested that two or more toxin molecules participate in the assembly of an ion conducting pore in the plasma membrane. Changes in membrane permeability or cell viability were not observed in response to heat-inactivated toxin. Under appropriate conditions toxin-induced membrane abnormalities were inhibited by leukotoxin-neutralizing mAb or relatively high concentrations (greater than or equal to 2.5 mM) of extracellular Ca2+. Leukotoxin-resistant target cells showed no evidence of membrane injury even when exposed to high concentrations of leukotoxin for prolonged periods of time. These included resistant human K562 erythroleukemia cells and murine SP2 myeloma cells which have previously been shown to adsorb the toxin, suggesting that they possess a protective mechanism(s) which impedes toxin insertion or assembly in the lipid bilayer. These data support the concept that A. actinomycetemcomitans leukotoxin acts as a cell-specific, pore-forming protein which permeabilizes the plasma membrane of susceptible target cells.